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ALTITUDE PERFORMANCE CH4R4CTEKWTICS

BURNER WITH OONVERGR?G CONICAL

OF TAIL-PIPE

SECTION ON J47 TtlRBOJETENG13’W

By William R. Prince and J’ohn E. Mc.hd.ay

suM&Y

An investigation of turbojet-engine thrust augmentation by
means of tail-pipe burning was conducted“inthe NACA Lewis alti-
tude wind tunnel. Performance data were obtained with a tail-pipe
burner having a converging conioal burner seotion installed on an ‘
axial-flow-compressortype turbojet engine over a remge of simu-
lated flight conditions and tail-pipe fuel-air ratios with a fixed-
area edumzst nozzle.

. A maximum tall-pipe cwibustion efficiency of 0.86 was obtained
at an altitude of 15,000 feet and a flight Mach number of 0.23. At
an altitude of 25,000 feet, a tail-pipe burner-inlet temperature of

% 1700° R, and rated engine speed, the ratio of augmented thrust to
normal thrust increased from 1.3 at a flight Mach number of 0.23 to
1.4 at a fli~t Mach number of 0.76. Tail-pipe burner operation was
possible up ;O an
0.23.

An extensive
bojet engines has

altitude of 45,000 feet a; a flight Mach number of
..

INTRODUCTION .

research pro~sm on thrust augmentation of tur-
been conducted in the MACA Lewis altittidewind

tu&el to detemine the effect of various component designs cm the
performance end operational characteristics of several tail-pipe
burner instaUations. The effect of flame-holder sad fuel-system
design on the burner performance md the effectof altitude and
flight Mach number m over-all perfomnkce with a fixed-area exhaust
nozzle are reported in references 1 to 4. Altitude performance
characteristicsof a tail-pipe burner having a converging oonioal
b~er section are presented in this report.
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Performance data were obtained with the converging-burner oon- P

figuration installed on a J47 turbojet engine over a range of simu-
lated flight cmditfons and tail-pipe fuel-air ratios with a fixed-
area e-ust nozzle. The tail-pipe burner was designed for use h
a particular airplane. The fuselage dimensions limited the nuWmuu 5
diameter of the burner end necessitated the use of a converging com-
bustion chamber. The burner configurationdisoussed in this report
Is a modified version of a tail-pipe burner whose performance is
reported in referenoe 2. This modifloation resul’tiedfrmn the
greater air flow of the J47 turbojet engtie used in this investiga-
tion as ocunparedwith the J35 engine(reference2). Because of the
inoreased air fluw, it was necess~y to fabricate a larger burner
to reduce the burner-tilet vslocity ana burner total-pressure loss.
The mdified burner had the largest dimeter that could be used
without making major changes in the airplane fuselage. This final
configuration incorporatedthe best flame holder and fuel system
previously determined from the tivestigationreported in reference 2.

Tail-pipe burner performance at several flight conditions is
given h both tabular and @?aphioal forms and ccmp=ed with perfcn?m-
anoe of the standard engine and of the tail-pipe burner reported in
reference 20

.

APPARATUS AND 13iS’lRMWMTION

Engine ?

Tail-pipe burner
bo~et engine having a

performance was investigatedusing a J47 tur-
.

statio sea-level thrust rating of 5000 pounds
at au engine speed of 7900 rgm and a turbine-outlet temperature of
1275°F (1735° R). The air flow Is approximately 94 pounds per
second at static sea-level rated conditions. The principal com-
ponents of this engfne.are a 12-stage axial-fluw compressor} eight
cylindrical through-flow combustion chambers, a single-stage tur-
bine, and a tail pipe. The over-all length of the engine with
standard tail pipe is 143 inches and the -M.uu diemeter is
37 inches. The length of the standard-engine tail pipe is
35’inches. A fixed-area exhaust nozzle tith which rated conditicms
were

that

obtained had an outlet area of 280 square Inches.

Installation

The engine and tail-pipe burner were mounted on a wing seotim
spanned the 20-foot-diametertest seotion of the Lewis altitude
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9, whd tunnel (fig. 1).

~:~ .:
.-.

.- ;+. . r

For this ilrrestigation the standard-engine
tail-pipe was replaoed by a tail-pipe burner assembly which I&
attached to the downstream flange of the turbtie casing. b order
to provide accessibility for instrumentation,no cowling was

N, installed around the engine.
5

Air entered the engine inlet through a duct &cm the tunnel
make-up air system. This duct was connected to the engine inlet
by means of a slip joint with a friotionless seal so that thrust
and drag could be measured by the balance scales.

Tail-Pipe Burner

The tail-pipe burner was designed by the manufacturer in con-
fomance with the available space k the airplane. A cross-
sectional view showing the dimensions of the tail-pipe burner is
shown in figure 2. The thee main sections of the tail-pipe burner
assembly are the diffuser section, the combustion chamber, and the
nozzle section, as shown in figure 3. A fixed oonical exhaust
nozzle was used for the entire investigation inasmuch as a variable-
area nozzle was not available for this burner. Cooling liners, pro-
viding a l/2-inoh radial space between the liner and the burner shell

. and extending the full length of the tail-pipe canbustion chamber,
were installed in a nwmer similar to that discussed tn reference 1.

. The minimum diffuser diameter, which occurred at the downstream
end of the diffuser inner body, was 25 inches ad the maximum diameter

in the combustion chamber was 31+ inches. The diameter of the con~cal

e~ust nozzle was 25$ inches, which gave a fixed area of 494 square

inches, aqd the tail-pipe burner length includlng the exhaust nozzle

was 13% inches. A t~ical tyo-annular V-t~e flame holder used

throughout the investigation is shown in figure 4. The flane holder,

whioh was mounted 2: tithes downstream of the combustion-chamber

inlet, had outer and inner ring diameters of 23 inches and 14 inches,
respectively, and blocked 31.5 percent of the burner cross-sectional
area.

Fuel was injected at two staticms into the burner normal to the
direction of gas flow (f~g. 5). At the upstream statlcm, fuel was

in~ected from 12 tubes

inner cone and located

~ inches long extendimg from the diffuser
116
about 44 inches upstream of the flame holder.

grew- :“

3
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Each tube had two 0.031-inoh-diameterholes. At the dpmstream sta- .!”—
tion, fuel was injected from two sets of different length radial

spray tubes 18# inches upstream of the fhime holder. One set con-

sisted of six fuel tubes ~ inches long with-six 0.041-inch-di~eter
G

holes per tube and the other of six tubes 7% inches long with four
a

0.031-inoh-diameterholes per tube. Rate of fuel in~ection ficunthe
three sets of spray tubes was determined by a flow divider installed
in the tail-pipe fuel system as shown in figure 5. The fuel-flow
schedule provided by the flow &ivider is shown in figure 6. At low
tail-pipe fuel flows,,approximately 60 peroent of the tail-pipe fuel
was in$ected through only the primary system which consisted of the
six short tubes and the 12 spray tubes on the inner cone ring. The
remaining fuel was injected through the six long tubes.

Ignition of the tail-pipe fuel was accomplished by either of
two systems. For one ignition system, fuel was injected through a
30-gallon-per-hourspray nozzle installed in the center of the dif-
fuser inner cone. I@tion of this fuelwgs obtained by two spark
plugs inserted in the pilot cone (fig. 3). The other system pro-
vided ignition by a momentary increase in fuel flow to the fuel
nozzle In one of the engine combustors. This excess fuel in one
engine cambustor resulted in a burst of flame through the turbine,
thereby igniting the tail-pipe fuel. With this system of igni-
tion, the conefuel also
the flame holder.

~strumentation was

had to be on to @wry the flame back to

lhstrume&tation

installed at the en&e inlet to measure
engine air flow and in the tail-pipe to measure the Mm.ner per-
formance. Location of the instrumentationb the tail-pipe burner
is shown in figure 3, and cross sections of instrumentationat
stations 6 and 8 are shown in figure 7. The instrumentationat
statian 7 consisted of four static wall orftices appr=~tely
9 inches upstream of
installed at station

the flame holder. The exhaust-nozzle rake
8 was water cooled.

l?ROCQURIZ

Data were obtained over a range of altitudes fram 15,000 to
45,000 feet for a rmge of flight Mach numbers from 0.22 to 0.76.
At each flight condition, performance data were obtained for

.

.

.

●

—



. NACA IM E50G13
..., --- . .-,

~ several tail-pipe fuel flows between the 1= ocmbustion blow-out
Limit and the fuel flow required for Mniting turbine-outlet tem-
perature. All tail-pipe burning data were obtained at rated engine
t3peed(7900 rpm).

N,
Dry refrigerated air was supplied to the engine ticm the tunnel

z
4 make-up air system at the stemdard temperature for each flight con-

dition, except that the minimm temperature ob~ined was about
-20° F. The air was throttled ficm approxhately sea-level pressure
to the desired total pressure at the engine inlet. Complete free-

. stream ram-pressure recovery was assumed at each flight condition in
the calculati~ of flight Mach number.

Thrust measurements were obtained from the tunnel bahce scales
and &cm the tail-rake pressure survey at the exlwmt aozzle. The
tlqnzstvalues presented were obtained from the bahce-scale measure-
ments. The thrust obtained fi”omtail-rake measurements was used in
determining etiust-gas temperature end combusticm efficiency.
Methods of obtaining the important tail-pipe burner parameters and
the s@bols used are given in the appendix.

.

.

The fuel used in the engine was AH-F-32 kerosene having a lower
heating value of 18,550 Btu per pound and a hydrogen-carbcm ratio of
0.155. l!helused in the tail-pipe burner was AH-F-48b, grade 80,
gasoiinehaving

hydrogen-carbon
a lower heating value of 19,000 Btu per pound and a
ratio of 0.186.

E3SUZTSAND DISCUSSION

As a prelhinary phase of this tivestigation,a Smaller di=-
eter tail-pipe burner having a converging burner sectim similar
in shape to the one discussed in this report was investigated on a
J47 turbo~et engine. Unpublished results showed that tail-pipe
burner operation was unsatisfactory at rated engine speed because
of the high ccmbustian-chamber-~et velocities. 5 comlnzstion-
chamber-inlet velocities under these conditions were in the order
of 700 feet per second. b order to reduce this velocity, the
tail-pipe burner diameters were increased approxhately 3 inches.
This increase in diameter was the largest that could be used with-
out making maJor changes to the airplane fuselage. As a result of
this enlargement of the burner, the combustion-chamber-inletveloc-
ity was reduced approximately 2(!percent. Results of the investi-
gaticm of this larger burner.are presented graphically to show the
effect of altitude and flight Mach number on the si@ificant burner-
performance characteristics. All data for this investigation are
also presented in table I.

5
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Burner Performance Characteristics

Effect of altitude. - The effect of altitude on burner per-
formance is shown in figures 8 to 10 for a flight Mach number of
0.23 and at rated engine speed. The variation of ccunbustion-
chamber-inletvelocity and tail-pipe burner-inlet conditions with
tail-pipe fuel-air ratio is shown h figure 8. The tail-pipe fuel-
air ratio is defined as the ratio of tail-pipe fuel flow to the
unburned air flow entering the tail-pipe. For the r-e of tail-
pipe fuel-air ratios, increashg the altitude from 15,000 to
45,000 feet had little effect on the combustion-chamber-inletveloc-
ity and the tail-pipe burner-inlet temperature- The turbtie-outlet
total pressure was reduced approximately fn proporticm to the reduc-
tion in compressor-inletpressure. For the entire range of alti-
tudes investigated, the combustion-ohamber-tiletvelocity varied
between 525 and 575 feet per second.

The effect of altitude on the variation of e#uwst-gas total
t~erature and tail-pipe combustionefficiency with tail-pipe
fuel-air ratio is shown in figure 9. MaximLuucanbustion efficiency
was reduced from 0.86 to 0.80 as the altitude was increased from
15,000 to 35,000 feet. Further Increase in altitude greatly reduced
the combustion efficiency. The maxhum combustion efficiency
occurred at tail-pipe fuel-air ratios between approximately 0.040
and 0,050.

The exhaust-nozzle-outlettemperature, over the range of tail-
pipe fuel-air ratios investigated,was reduced about 600° Rtith
increase in altitude frcm 15,000 to 45,000 feet, with the @eater
portion of this decrease occurring at a altitude above 35,000 feet.
This decrease in exhaust-gas temperature is a result of a change in
engine characteristicswith a change in Re~olds number. With an
increase in altitude, the Reynolds number effect on the compressor
(reference5) caused a decrease in compres~or e~iciency which
necessitated Increasing the exhaust-no”zzlearea in order to obtaim
rated engine conditions at limiting turbine-outlet temperature.
Consequently,because the data presented hereti are for a fixed-
area exhaust nozzle, the available e-ust-gas temperature with
afterburnlng is considerably lower at 45,000 feet thsa at 15,000 feet.
l?oroptimum performance the nozzle area should be ad~usted by use of
a Variable-zwea nozzle so that the pressures and temperatures at the
turbine outlet are the same with the afterburner operative or
inoperative.

Variation of the over-all burner performance characteristics
with altitude at a tail-pipe burner-inlet temperature of 1700° R

.
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ti rated engine speed is shown in figure 10. These results were
obtained by mross-plottingand in acme cases by slight extrapolation
of jet thrust and total fuel flow at a constant tail-pipe burner-
inlet temperature of 1700° R.

Thrust-augmentationcharacteristicsare presented h terms of
the augmented thrust ratio, which is defined as the ratio of aug-
mented thrust to normal thrust as defined in the appendix. For
altitudes up to 25,000 feet, the augmented thrust ratio was 1.30
and then decreased to 1.13”as the altitude increased to 45,000 feet.
The total-pressure loss across the standard-enginetail pipe was
0.032 of the tail-pipe burner-inlet total pressure for all flight
conditions at rated engine speed. This value was obtained during
previous operation of the engine with a fixed-conical exhaust
nozzle. With the tail-pipe.burner installed but inoperative, this
value increased ticm 0.052 to 0,071 as the altitude was increased
from 15,000 to 45,000.feet at a fltght Mach number of 0.23. As a
result of this greater pressure loss across the tail-pipe burner,
the augmented thrust ratio with tail-pipe burner inoperative was
0.98 at 15,000 feet and decreased to 0.96 at 45,000 feet.

The specific fuel consumption of the stmdard engine based on
net thrust increased from 1.15 to 1.25 as the altitude was raised
from 15,000 to 45,000 feet. With tail-pipe burning, the specific
fuel consumptionwas 2.95 at 15,000 feet and 3.40 at 45,000 feet.
This expected increase in specific fuel consumptionwith increase
in altitude resulted from the lower tail-pipe ccuibustionefficiency
at higher altitudes.

Effect of fli@t Mach number. - The effect of flight Mach num-
ber on burner performmce Is shown in figures 11 to 13 for an alti-
tude of 25,000-feet and rated engine speed. The variation of
ccmbustton-chsmiber-in.letvelocity and tail-pipe burner-inlet con-
ditions with tail-pipe fuel-air ratio is shown In figure 11 for
several flight Mach numbers. At a given tail-pipe fuel-air ratio,
increasing the fllght Mach nmuber &cm 0.23 to 0.76 had no effect
on the combustion-chamber-tiletvelocity. At tail-pipe burner-
inlet temperatures above 1500° R, the combustion-chamber-=et
velocity was about 525 feet per second for all flight Mach numbers
investigated. Variations of flight Mach number, over the range
investigated,.hadlittle effect on tail-pipe burner-inlet temperature.
The tail-pipe burner-inlet temperature was approximately 50° R higher
at a given tail-pipe fuel-air ratio for a flight Mach number of 0.23
than for the two higher flight Mach numbers investigated. The tail-
pipe burner-inlet pressure increased approximately in propofiion to
the compressor-inletpressure.
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The effect of flight Maoh number on variation of exhaust-gas
total temperature end tail-pipe combustion efficiency with tail-
pipe fuel-air ratio is shown in figure 12. Peak tail-pipe com-
bustion efficiencies of 0.82 at a flight Mach number of 0.23, and
0.84 at flight Mach numbers of 0.54 and 0.76 were obtained at a
tail-pipe fuel-air ratio of approxktely 0.043. I&baust-gas total
temperature was unaffected by changes in fllghtldach number and
increased to a maximum value of 3480° R as the tail-pipe fuel-air
ratio was raised to 0.0625.

Variation of the over-all burner performance characteristics
with flight Mach nwiber at a tail-pipe burner-inlet temperature
of 1700° R and at rated engine speed is shown in figure 13. These
results were obtained by oross-plottingand extrapolating in a
manner similar to that previously menticmed. The augpmted thrust
ratio increased from 1.29 at a flight Mach number of 0.23 to 1.4
at a flight Mach number of 0.76. This curve indicates that further
increases in flight Mach number would have a very small effect on
augmented thrust ratio. The tail-pipe total-pressure loss with the
tail-pipe burner installed,but inoperative,was 0.058 of the tail-
pipe burner-inlet total pressure and the augmented thrust ratio was
about 0.98 for all flight Mach numbers Investigated.

The specifio fuel consumptio~based on net thrust of the stand-
ard engine was approximately 1.2 for all flight Mach numbers investi-
gated. With tail-pipe burning, the specific fuel consumptionwas
2.95 at a flight Mach number of 0.23. Increasing the Mach number to
0.54 raised this value to 3.30 and a further Inorease in Mach number
to 0.76 lowered the specific fuel mnsumption to 2.98.

.

r

cd

5

.

Pe&formanoe characteristiccurves for a ccmverging-conioal
tail-pipe burner on a J35 turbojet engine are also shown on fig-
ure 13. These data =e not directly comparative inasmuch as they
are for a luwer tail-pipe burner-inlet total temperature (16500R)
and a smaller exhaust-nozzle outlet area (296 square inches) than
for the data obtained with the J47 engine. The curves are presented,
hawever, to indioate the relative perfomanoe of two ccuxverging-
conioal burners on two different turbo~et en&ines. The augmented
thrust ratio for the burner on the J35 “engineis 10 to 15 percent
higher and the specific fuel ctisumptiw is about 25 percent l~er
than for the burner on the J47 engine. The augmented thrust ratio
was lower for the burner used on the J47 engine than for the burner
used on the J35 engine, probably beoauseof the greater tail-pipe
total-pressure loss ratio. At the operating conditions shown in
figure 13, the pressure loss was about 0.15 of the tail-pipe burn6r-
inlet total pressure for the burner used on the J47 engine as tom- ‘

.

pared with 0.085 in the J35 tail-pipe burner. .
n-
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Burner Operational Characteristics

Two methtis were used to ignite the.tail-pipe fuel. The first
method utilized the pilot cone at the downstream end of the diffuser
3nner body to provide a sheltered region in which to install a fuel
nozzle and spark plugs. Fuel was supplied to the ignition region
by the nozzle in the pilot cone and by the fuel-spray tubes on the
diffuser tier cone. This system gave,successful starts only at
altitudes below 20,000 feet and reduced engine speed. When fuel
was supplied to the nozzle in the pilot cone at rated engine speed,
the flame holder appeared very hot.

9

In the second methcxlemployed, fuel was momentarily in~ected
into one of the engine ccmbustors with a resultant burst of flame
through the turbine ad into the tail-pipe. This method provided ,
satisfactory ignition of the tail-pipe fuel up to an altitude of
45,000 feet at rated engine speed and a flight Mach number of 0.23.
Successful burner operation was also possible at these conditions.

The use of en internal cooling liner exhmding the full length
of the cambusticn chamber having a l/2-inch gap between the liner
and the burner shell provided adequate shell cooling at all flight
conditions investigated.

SUMMARY OF RESKGTS

As a prellmin~y phase of this investigation,a smaller dhmu-
eter tail-pipe burner having a converging burner section similar in
shape to the one discussed in this report was investigated, and the
results indicated th@ tail-pipe burner performance was unsatisfactory
with combustion-chsmber-inletvelocities in the order of 700 feet per
seccmd. Satisfactory performance was obtained with m enlarged burner
in which the cabustion-chamber-imlet velocities were approximately
550 feet per secaud.

The folluwi.ngresultswere obtained frcman investigation of
the enlsrged tail-pipe burner having a converging burner section
and a fixed-area etiust nozzle on a J47 turbojet engine in the
NACA Lewis altitude wind tunnel:

1. A maximum tail-pipe combustion efficiency of 0.86 was
obtatied at an altitude of 15,000 feet, a flight Mach number of
0.23, and a tail-pipe fuel-air ratio of 0.040.



l!WCARM E50G13

2. At an altitude of 25,000 feet, a tail-pipe burner-inlet
temperature of 1700° R, rated engine speed, and flight Mach num-
bers from 0.23 to 0.76, the ratio of augmented thrust to normal
thrust increased from 1.3 to 1.4 and the speciificfuel consumption

‘ based on net thrust of the standard engine varied from 3.0 to 3.3.

3. Tail-pipe burner operation was possible UI to an altitude
of 45,000 feet at a flight Mach nunber d 0.23.

Lewis Flight Propulsion Laboratory,
NatioMl Advisory Committee for Aermautics,

Cleveland, Ohio.
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Symbols

The following symbols are used in
fIgures:

A

B

CJ

D

%2

. F=

f/a
.

.
6

.

e

H

ho

M

P

p81

P

R

T

cross-sectionalarea, sq ft

thrust scale,reading, lb

the calculations and an the

jet velocity coefficient, ratio of scale jet thrust to rake
Jet thrust

thermal-expansionratio, ratio of hot ekhaust-nozzle area
to cold e~ust-nozzle area

external drag of installatim, lb

drag of exhaust-nozzle survey rake, lb

jet thrust, lb:

net thrust, lb

fuel-air ratio .

acceleration due to gravity, 32.2 ft/sec2

total enthalpy, Btu/lb

lower heating value of fuel, Btu/lb

Mach number

total pressure, lb/sq ft absolute

total pressure at exhaust-nozzle survey station in standard-
engine tail pipe, lb/scJ.f% absolute

static pressure, lb/sq ft absolute

gas constant, 53.4 ft-lb/(lb)(’%)

total temperature, %

11
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static temperature, %

velocity, ft~sec

air flow,”lb/see

compressor leakage

fuel flow, lb/br

gas flow, lb/see

air flow, lb/see

\

NACA RME50G13

specific fuel consumptionbased on total fuel flow and net
thrust, lb/(lm)(lb thrust)

ratio .ofspecific heats for gases

combustion efficiency J

Subscripts:

a air

e engine

f fuel

i indicated

“J Jet

m fuel msmifold

s scale

t tail-pipe burner

x“ inlet duct at fri.ctionlessslip joint

o free-stream conditims

1 engine inlet

6 tail-pipe burner inlet (turbine outlet)

.
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7 tail-pipe mmbustion-ohamber Met

8 etiust nozzle, 1 inch upstream of fixed portion of
e*ust-nozzle outlet

9 e~ust-nozzle outlet s

Methods of Calculation

Fliat Mach number snd airspeed. - Flight Machnwiber and
equivalent airspeed were oaloulated frcauram-pressure ratio by
the follouing equations assuming complete pressure reoovery at
the engine inlet:

13

(1)

b

Ah flow. - Air flow at the engine inlet was determined flmm
pressure and temperaturemeasurements obtained with four survey
rakes in the =et annulus. The following equaticm was used to
calculate air flow:

~+l=pwkim
Air fluu at statim 6 was obtained by taking into accountthe
measured air leakage at the last stage of the compressor in the
following namer:

‘a,6 ‘Wa,l - ‘c

(3)

(4)
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TemPeratures.
oated temperature,

~~

- l%atia temperature was
using an iqpaot reoovery

calculated &am indi-
factor of 0.85.

i+o.cx5[(E~-j

(5)

Total temperature was calculated by the adiabatic relation between
temperatures and pressures.

Gas flow. - The total weight flow was oaloulated as follows:

E50G13

‘f e
(En@ne) Wg,6 = Wa,6 + * (6)

(Tail pipe) Wg,7 = Wg,8 = ‘a,6 + ‘f,e+wf,t
3600

Tail-pipe uambustioa-dmmber-inlet velooity. - Velocity at the
mmbustion-ohamber inlet during burning was calculated from the con-
tinuity equation using static pressure measured at station 7,
approximately 9 inohes upstream of the flame holder, and assuming
oonstant total pressure and total temperature from the tail-pipe
burner inlet to the mmbustim-chamber inlet

76-1

‘7 ‘w*i%)“ (7)

Tail-pipe fuel-air ratio. - The tail-pipe fuel-air ratio is
defined as the ratio of the weight flaw of fuel in~ected In the
tail-pipe burner to the weight flow of unburned air entering the
tail-pipe burnerfrm the engine. Weight flow of unburned air was
determined by assuming the fuel in~eoted in the engine mmbustor
was completely burned therein.

(f’h)t = Wf,t

‘f,e
(8)

3600(lla,6)-0.~8

where 0.068 is the stolchiometrioi%el-air ratio for the engtie fuel.

Xdm- -

.
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The total fuel-air
is:

iii’ “-*’ ‘*’

ratio

(f/a)

for the engine and tail-pipe burner

‘f,e ‘Wf,t
= 3600 Wa,~ (9)

Tail-pipe cabustion efficiency wasCombustion efiioienoy. - _ _
obtatied by dividing the enthalpy rise through the tail-pipe”twrn&
by the produot of the tail-pipe fuel flow and the lower heatimz—-
%lue of the tail-pipe fuel, disregarding dissociation of the &haust
gas.

1
T8

1
T8

1
T8

3600(wa,6)& T1+wf,e~,e ~+ Wf,tHf,t ~-wf,e~,e

=
‘f,t ‘cjt

The engine fuel was assumed to be completelyburnedin the engine;
inamnuoh as the engine combuetian effioienoy has been found to be
about 98 peroent at rated engine speed, this assumption involves
an error in tail-pipe combustion efficiency of less than ,0.5per-
cent. The enthalpy of the prcducts of combustion was obtained
f%ana chart usingthe hydrogen-oarbon ratio and the temperature.
This method is e~lained in referenoe 5.

Augmented thrust. - Soale jet thrust was detemnined from the
balance-soale measurements by use of the following equatian:

~j,s =B+D+~+ ‘a ,xTx
+% (PX=PO)

8
(11)

The last
pressure

two terms of this expression represent the momentum and
forces on the installation at the slip Joint in the hlet-

air duct. The efiernal drag of the installationwas determined
with the engtie inoperative and with a blind flange installed h
the engine Wet to prevent alr flow through the eqties ~% of
the exhaust-nozzle survey rake was measured over a range of Jet
Mach numbers by a hydraulic balance piston meckism.

15
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Scale net thrust was obtainedby subtracting the equivalent
free-streammomentum of the inlet air from the scale Jet thrust

.

F ‘a lVO
n,s = Fj,s - ~, (12)

d

Rake thrust is given by the following equation based on pres-
sure obtained at statia 81

,

79.1

[() 12%#@t379 ‘8
~

‘3,8 = ~
- 1 +Af3q(P8-Po)

r~-1
(13)

The value of 79 was obtatied from am approximate ex3umst-nozzle-
outlet temperature calculated from scale thrust.

Normal thrust. - No-1 Mu’ust is the theoretical thrust that
would be obtained with the engine and the standard-enginetail pipe
equipped with a nozzle of a size that gives the same turbine-outlet
pressures aud temperatures as were encountered with tail-pipe
burning under the same flight oonditicms. Such a definition of
normal thrust takes into account engtie deterioration. The normal
thrust of the engine was calculated frcm measurements during the
tail-pipe burnhg program of total pressure and temperature at the
turbine outlet, gas flaw at the turbine outlet, and from previously
determined total-pressure loss ,ratioacross the standard-engine
tail pipe.

.-

.

Experimental data indicated that the total-pressure loss through
the stamiard-engtietail pipe from station 6 to station 8 at rated ‘
engine speed was nearly 0.032 p6; p8’ iS therefore eq~l to

approximately 0.968 p6. The Jet veloeity coefficient Cj used in

equation(14)is shownas a fumtlon of tail-pipe pressure ratio:

--
.

,
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Augmented thrust ratio is defined as: *

Scale net thrust, Fn s

l?ormalengine thrust, Fn,e ,,

As previously stated, for the normal thrust, p8? was approxi-

~tely eq~ to 0.968 p6. Experimental data also showed that with

the tail-pipe burner inoperative,p8 was approximately equal to

0.942 26. This thrust ratio was oaloulated as follows:

where Fn* is the thrust with tail-pipe burner inoperative. At all

flight Mach numbers, T6 was assumed a value of 1700° R. I& various

fli@t ~oh n~bers$ p6/pO @ VO were obta~ed fk~ taibpipe-

burningdata. The jet velocitymefficients
for both configurations.

were assumed to be equal

. .
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Exhaust-gaa totalteqperature.- The totaltemperatureof the
exhaust gas was oaloulated from the thrust equation and is based on
rake thrust.

T9 =
‘ (&m@j,8)2

78-1

[01~yi-2@(wg@21-Pa
(16)

3. Card, E. Willlmnj and Prime, William R.: Altitude Performanoe
and Operational Characteristicsof 29-Xnch-DiameterTail-Pipe
Burner with Eeveral Fuel Systems and Flame Holders on J35
!l%xbojetEngine. EACA R4E9G08, 1949.

2. !I%OXIWL, H. Carl, and Cempbell, Carl E.: Altitude-Wind-Tunnel _
bvestigation of Tail-Pipe Burner with Converging Conioal
Burner Section cm J35-A-5 Turbojet E@@ne. HACA It4E9116,
1950.

3. Colladay, Ridard L., and Bloomer, Harry E.: Altitude Perfoma?uzoe
@ Operatimal Characteristicsof 29-ihch-DiameterTail-Burner
with Several Fuel Systems and Fuel-Cooled Stage-Type Flame
Holders on J35-A-5 Turbojet Engine. N4CA EM E50A19, 1950.

4. Fleming, William A., and Wallaer, Lewis E,: Altitude-Wind-
Tunnel ~vestigation of Tail-Pipe Burning with a Westinghouse
X24C-~ Axial-Flow Turbojet Engine. NRCA IME6J25e, 1948.
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I

(a) Tail-pipeburner inlet, station 6, ~ Inches downstrezuaof
pipe-b~r Inlet.
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F’lgure 7. - Cross sections of measuring stations shaming location of
Instrumntatlon. Viewed from upstmmm.
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Figure 8. - EYY’ect of altitude on variation of combustion-chamber-inlet
veloclty and tail-pipe-burner-inlet conditions with tail-pipe fuel-
air ratio. Engine speed, 7900 rpm; flight Mach number, 0.23.
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Figure 9. - Effect of altitude on variation of exhaust-gas tempera-”
ture and tail-pipe combustion efficiency with tail-pipe fuel-air
ratfo. Flight Mach ntier, 0.23; engine speed, 79OO rpm.
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(b) Specific fuel consumption.

F’igtyre10. - Variation of over-all burner performance charackeriatlcs

with altitude. Tail-pipe burner-inlet temperature, 1700 ‘R; Mach
number, 0.23; exhaust-nozzle-outlet area, 494 square inches; engine
speed, 7900 rpm.
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Figure 12. - Effect of flight Mach number on variation of exhaust-gas
temperature and tail-pipe combustion efficiency with tall-pipe
fuel-air ratio. Altitude, 25,000 feet; engine speed, 7900 rpm.
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